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(57) ABSTRACT

A photochromic cured product which has excellent photo-
chromism such as high color density and high fading speed,
excellent adhesion to a hard coat and high striping work
efficiency. This cured product 1s obtained by polymerizing
and curing a curable composition which comprises (A) a
polyfunctional polymerizable monomer such as trimethylol-
propane trimethacrylate, (B) a silyl monomer such as
y-methacryloyloxypropyl trimethoxysilane, (C) another
radically polymerizable monomer and (D) a photochromic
compound. As for the contents of the polymerizable
monomers, the content of the component (A) is 1 to 50 wt
%, the content of the component (B) is 0.5 to 20 wt % and
the balance consists of the component (C) based on the total
of the components (A), (B) and (C). The photochromic
compound (D) 1s contained in an amount of 0.0001 to 10

parts by weight based on 100 parts by weight of the total of
the components (A), (B) and (C).

7 Claims, No Drawings
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CURABLE COMPOSITION COMPRISING A
PHOTOCHROMIC COMPOUND

This application 1s the national phase under 35 U.S.C.
§3°71 of PCT International Application No. PCT/JP01/07959
which has an International filing date of Sep. 13, 2001,
which designated the United States of America.

FILED OF THE INVENTION

The present mvention relates to a curable composition
comprising a photochromic compound and to a cured prod-
uct thereof. More specifically, it relates to a curable com-
position which provides a photochromic cured product suit-
able for use as a spectacle lens or the like and to the cured
product.

PRIOR ART

Photochromism is a reversible phenomenon that a certain
compound changes its color immediately upon exposure to
light including ultraviolet rays, such as sunlight or light from
a mercury lamp and returns to 1ts original color when it 1s
placed 1n the dark by stopping exposure and 1s now applied
in various fields.

For example, photochromism 1s applied in the field of
spectacle lenses. A plastic lens having photochromism 1s
obtained by curing a polymerizable monomer blended with
a photochromic compound having the above property.
Fulgimide compounds, spirooxazine compounds, chromene
compounds and the like have been discovered as photochro-
mic compounds which can be advantageously used in the

above field.

However, when these photochromic compounds are dis-
persed 1n a polymer, color density becomes lower, or color
development speed and fading speed, particularly fading
speed becomes lower than when the compounds are dis-
solved 1n a solvent. Therefore, a photochromic cured prod-
uct which retains the essential properties of a photochromic
compound 1s not obtained yet.

The 1nventors of the present invention consider that the
above phenomenon 1s caused by the fact that the free space
where the molecules of a photochromic compound can move
freely 1s much smaller 1n a matrix such as a polymer than in
a solution because the phenomenon 1s especially marked 1n
a photochromic compound having a large molecular size.
They have proposed a curable composition which has a wide
free space 1 the matrix of cured product as a curable
composition free from the above problem (WO 01/05854).
They have succeeded in obtaining a desired effect by com-
bining a generally used polymerizable monomer and a
polyfunctional polymerizable monomer having at least three
polymerizable groups as radically polymerizable monomers
in the above curable composition.

However, 1t has been found that when “a hard coat to be
cured by a condensation method”, which 1s now generally
used for plastic lenses, 1s applied to the surface of a cured
product of the above curable composition, the adhesion of
the hard coat lowers.

SUMMARY OF THE INVENTION

It 1s an object of the present invention to provide a curable
composition capable of providing a photochromic cured
product which shows excellent photochromism such as high
color density and high fading speed and has excellent
adhesion between a matrix and the aforementioned hard
coat.
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It 1s another object of the present invention to provide a
curable composition which has the above performance and
excellent releasability when its cured product i1s to be
removed from a mold such as a glass mold after polymer-
1zation.

It 1s still another object of the present invention to provide
a photochromic cured product having the above excellent

characteristic properties.

Other objects and advantages of the present invention will
become apparent from the following description.

According to the present invention, firstly, the above
objects and advantages of the present invention are attained
by a curable composition comprising:

(A) a polyfunctional radically polymerizable monomer hav-
ing at least three polymerizable groups 1n the molecule;
(B) a radically polymerizable monomer having a silanol
group or a group capable of forming a silanol group by
hydrolysis;

(C) another radically polymerizable monomer different from
the above components (A) and (B); and

(D) a photochromic compound, wherein the above compo-
nents (A) (B) and (C) are contained in amounts of 1 to 50 wt
%, 0.5 to 20 wt % and 30 to 98.5 wt % based on the total
of the components (A), (B) and (C), respectively, and the
above component (D) is contained in an amount of 0.0001
to 10 parts by weight based on 100 parts by weight of the
total of the above components (A), (B) and (C).

According to the present mvention, secondly, the above
objects and advantages of the present invention are attained
by a photochromic cured product as a cured product of the
curable composition of the present invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

The curable composition of the present mmvention com-
prises radically polymerizable monomers as the above com-
ponents (A), (B) and (C) and a photochromic compound as
the above component (D).

In the curable composition of the present invention, a
polyfunctional radically polymerizable monomer having at
least three polymerizable groups in the molecule 1s used as
the radically polymerizable monomer component (A). By
using this polyfunctional radically polymerizable monomer,
a photochromic cured product obtained by curing the cur-
able composition of the present invention achieves
extremely high color density and extremely high fading
speed.

Any known compound may be used as the polyfunctional
radically polymerizable monomer if it has at least three
polymerizable groups i1n the molecule. It 1s preferably a
compound having 3 to 6 polymerizable groups in the mol-
ecule because 1t 1s easily acquired industrially. The poly-
merizable groups mean groups having radical polymeriz-
ability.

In the curable composition of the present mvention, a
polyfunctional radically polymerizable monomer which
grves a polymer having an L-scale Rockwell hardness of 60
or more, particularly 65 to 130 when it 1s homopolymerized
is used as the component (A) to increase the hardness of the
cured product and the fading speed of photochromism. The
term “L-scale Rockwell hardness” as used heremn means
hardness measured 1n accordance with JIS-B7726. By mea-
suring the hardness of a homopolymer of each polymeriz-
able monomer, 1t can be judged simply whether the mea-
sured hardness satisfies the above requirement or not. Stated
more specifically, as will be shown 1n examples, this can be
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casily confirmed by polymerizing a monomer to obtamn a 2
mm-thick cured product and keeping 1t in a chamber main-
tained at 25° C. for 1 day to measure its L-scale Rockwell
hardness with a Rockwell hardness meter. The cured product
may be used as the above measurement sample if 90% or
more of the monomer charged to obtain the cured product 1s
polymerized. When the degree of polymerization 1s 90% or
more, the L-scale Rockwell hardness of the cured product is
measured as almost a constant value.

Examples of the polyfunctional radically polymerizable
monomer which can be suitably used as the component (A)
in the present mvention include trimethacrylate derivatives,
triacrylate derivatives, tetramethacrylate derivatives, tet-
raacrylate derivatives, hexaacrylate derivatives, trizsocyan-
ate derivatives, tetraisocyanate derivatives, triol derivatives,
trithiol derivatives, tetrathiol derivatives, triepoxy
derivatives, triurethane methacrylate derwatwes tetraure-
thane methacrylate derivatives, hexaurethane methacrylate
derivatives, trivinyl derivatives, tetravinyl derivatives and
triallyl derivatives. Out of these, trimethacrylate derivatives,
triacrylate derivatives, tetramethacrylate derivatives, tet-
raacrylate derivatives, hexaacrylate derivatives, triurethane
methacrylate derivatives, tetraurethane methacrylate deriva-
fives and hexaurethane methacrylate derivatives have meth-
acryloyl groups or acryloyl groups.

Further, out of these, polyfunctional radically polymeriz-
able monomers represented by the following formulas (2)
and (2") are particularly preferably used because their raw
materials are easily acquired and the hardness of the cured
product 1s easily controlled:

(2)

I \

Ré——CH,0 CHZCH O C—(‘3=CH2
RY /

=

(2')

i

Rﬁ-—CHQO‘(CHQCH o)—rCOCHZCHZCHZCHZCHZOWc—c=CH2

1y )

=

wherein R*and R are each independently a hydrogen atom,
methyl group or ethyl group, R® is a tervalent to hexavalent
organic residual group, d, d' and d" are each independently
an 1integer of 0 to 3, and ¢ and ¢' are each independently an
integer of 3 to 6.

Since the above compounds are each obtained as a
mixture of components having different molecular weights,
d to d" are average values. In the above general formulas, R°
1s a tervalent to hexavalent organic residual group, as
exemplified by groups derived from polyols, tervalent to
hexavalent hydrocarbon groups, and organic groups having
an ester bond or urethane bond.

[llustrative examples of the polyfunctional radically poly-
merizable monomers represented by the above formulas (2)
and (2') which can be advantageously used include trim-
ethylolpropane trimethacrylate, trimethylolpropane
triacrylate, tetramethylolmethane trimethacrylate, tetram-
cthylolmethane triacrylate, trimethylolpropane triethylene
olycol trimethacrylate, trimethylolpropane triecthylene gly-
col triacrylate, ethoxylated pentaerythritol tetraacrylate,
cthoxylated pentaerythritol tetramethacrylate, pentaerythri-
tol trimethacrylate, pentaerythritol tetramethacrylate, triure-
thane oligomer tetraacrylate, urethane oligomer
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hexamethacrylate, dipentaerythritol hexaacrylate, polyester
olicomer hexaacrylate and caprolactone-modified dipen-
tacrythritol hexaacrylate. These polyfunctional radically
polymerizable monomers may be used in combination of
two Or more.

The amount of the component (A) must be 1 to 50 wt %
based on the total of all the polymerizable monomers (that
is, the total of the components (A), (B) and (C)) of the
curable composition of the present mmvention. When the
amount 1s smaller than 1 wt %, the fading speed of photo-
chromism does not become sufficiently high and when the
amount 1s larger than 50 wt %, the cured product becomes
brittle disadvantageously. From the viewpoints of the pho-
tochromism and strength of the cured product, the amount of
the component (A) i1s preferably 2 to 40 wt %, particularly
preferably 2 to 30 wt % based on the total of all the
polymerizable monomers.

The polymerizable monomers used 1n the curable com-
position of the present mvention must include a radically
polymerizable monomer (may be referred to as “silyl mono-
mer” hereinafter) having a silanol group or a group capable
of forming a silanol group by hydrolysis as the component
(B). By containing the silyl monomer, adhesion between a
photochromic cured product obtained by curing the curable
composition of the present invention and a hard coat cured
by a condensation method 1s greatly improved. Any known
compound may be used as the silyl monomer if 1t has a
silanol group (=Si—OH) or a group which forms a silanol
group by hydrolysis and a radically polymerizable group.

[1lustrative examples of the group which forms a silanol
group by hydrolysis include an alkoxysilyl group (=Si—
O—R; R 1s an alkyl group), aryloxysilyl group (=S1—0—
Ar; Ar 1s an aryl group which may be substituted), haloge-
nated silyl group (=Si—X; X 1s a halogen atom) and
silyloxysilyl group (disiloxane bond; =S1—0—S1=).

Out of these groups which form a silanol group by
hydrolysis, an alkoxysilyl group or silyloxysilyl group 1is
preferred, an alkoxysilyl group having an alkoxyl group
with 1 to 4 carbon atoms 1s more preferred, and a methox-
ysilyl group or ethoxysilyl group i1s the most preferred
because 1t easily forms a silanol group and 1s easily synthe-
sized and stored, and a group eliminated from a silicon atom
by a reaction has little influence upon the physical properties
of the cured product.

As the radically polymerizable group may be used any
known radically polymerizable group such as (meth)
acryloyl group, derivative group of a (meth)acryloyl group
such as (meth)acryloyloxy group, (meth)acryloylamino
group or (meth)acryloylthio group, vinyl group, allyl group
or styryl group. When the radically polymerizable group is
a vinyl group, allyl group or styryl group, the radically
polymerizable group may have a substituent. Examples of
the substituent include alkyl groups and haloalkyl groups
having 1 to 4 carbon atoms such as methyl group, ethyl
group, propyl group, butyl group, chloromethyl group and
trifluoromethyl group, halogen atom, cyano group, nitro
group and hydroxyl group. When the radically polymeriz-
able group 1s a (meth)acryloylamino group, the amidonitro-
gen atom of the group may be bonded to an organic group
such as a substituted or nonsubstituted alkyl group, aryl
group or allyl group in addition to a group having the
(meth)acryloyl group and the silanol group or group which
forms a silanol group by hydrolysis.

Out of these radically polymerizable groups, a (meth)
acryloyl group or (meth)acryloyloxy group is preferred and
a (meth)acryloyloxy group is more preferred from the view-
points of acquisition ease and high polymerizability.
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[llustrative examples of the silyl monomer which can be
advantageously used in the present invention include
v-methacryloyloxypropyl trimethoxysilane, y-methacryl-
oyloxypropyl triethoxysilane, y-methacryloyloxypropyl
methyldimethoxysilane, (3-acryloxypropyl)dimethyl-
methoxysilane, (3-acryloxypropyl)methyldimethoxysilane,
(3-acryloxypropyl)trimethoxysilane, 3-(N-allylamino)
propyltrimethoxysilane, allyldimethoxysilane, allyltri-
ethoxysilane, allyltrimethoxysilane, 3-aminophenoxydi-
methylvinylsilane, 4-aminophenoxydimethylvinylsilane,
3-(3-aminopropoxy)-3,3-dimethyl-1-propenyl trimethoxy-
silane, butenyltriethoxysilane, 2-(chloromethyl)allyl
trimethoxysilane, diethoxyvinylsilane, 1,3-
divinyltetraethoxydisiloxane, docosenyltriethoxysilane,
O-(methacryloxyethyl)-N-(triethoxysilylpropyl)urethane,
N-(3-methacryloxy-2-hydroxypropyl)-3-aminopropyl
triethoxysilane, methacryloxyethoxy trimethylsilane,
(methacryloxymethyl)dimethylethoxysilane, methacry-
loxymethyl triethoxysilane, methacryloxymethyl
trimethoxysilane, methacryloxypropyl dimethylethoxy-
silane, methacryloxypropyl dimethylmethoxysilane, meth-
acryloxypropyl tris(methoxyethoxy)silane,
7-octenyltrimethoxysilane, 1,3-bis(methacryloxy)-2-
trimethylsiloxypropane, tetrakis(2-methacryloxyethoxy)
silane, trivinyl ethoxysilane, trivinyl methoxysilane,
vinyldimethyl ethoxysilane, vinyldiphenyl ethoxysilane,
vinylmethyl diacetoxysilane, vinylmethyl diethoxysilane,
vinylmethyl dimethoxysilane, O-(vinyloxyethyl)-N-
(tricthoxysilylpropyl)urethane, vinyloxytrimethylsilane,
vinylphenyl diethoxysilane, vinylphenyl methyl-
methoxysilane, vinyl triacetoxysilane, vinyl tri-t-butoxy-
silane, vinyl triethoxysilane, vinyl trusopropenoxysilane,
vinyl trizsopropoxysilane, vinyl trimethoxysilane, vinyl
triphenoxysilane and vinyl tris(2-methoxyethoxy)silane.

Out of these silyl monomers, a monofunctional methacry-

late compound having a silyl group, represented by the
following formula (1), is preferably used as the component
(B) because it is easily acquired and has the large effect of
improving the adhesion of a hard coat without reducing the
physical properties of the cured product:

(1)
RO

H,C=—C—C—0—€R!3—Si(R?),(R?),

O

wherein R is a hydrogen atom or methyl group, R" is an
alkylene group having 1 to 20 carbon atoms, R” is an alkyl
group or alkoxy group, R” is an alkoxy group, ais 1, b is an

integer of 0 to 2, and ¢ 1s an integer of 1 to 3, with the proviso
that b+c =3.

From the viewpoint of adhesion to a hard coat, preferably,
the alkylene group represented by R” is an alkylene group
having the structure in which an alkylene group having 1 to
4 carbon atoms such that methylene group, ethylene group,
propylene group or butylene group is recured 1 to 5 times.
The alkylene group i1s the most preferably a methylene
group, ethylene group or propylene group.

For the same reason, the alkyl group and alkoxy group
represented by R* are preferably an alkyl group having 1 to
4 carbon atoms such as methyl group, ethyl group, propyl
group or butyl group and an alkoxy group having 1 to 4
carbon atoms such as methoxy group, ethoxy group, pro-
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pPOXy group or butoxy group, respectively. Examples of the
alkoxy group represented by R are the same as those listed
for the alkoxy group represented by R* and an alkoxy group
having 1 to 4 carbon atoms 1s preferred out of these as well.

In the formula, a is 1. b indicative of the number of R* s
1s an integer of 0 to 2, preferably an integer of 0 to 1. ¢
indicative of the number of R>’s is an integer of 1 to 3,
preferably an integer of 2 to 3. The total of b and ¢ 1s 3.

[1lustrative examples of the silyl monomer represented by
the above formula (1) include y-methacryloyloxypropyl
trimethoxysilane, y-methacryloyloxypropyl triethoxysilane,
v-methacryloyloxypropyl methyldimethoxysilane,
(3-acryloxypropyl)dimethylmethoxysilane, (3-acryloxy-
propyl)methyldimethoxysilane, (3-acryloxypropyl)
trimethoxysilane, (methacryloxymethyl)dimethylethoxy-
silane, methacryloxymethyl triethoxysilane, methacry-
loxymethyl trimethoxysilane, methacryloxypropyl dimeth-
ylethoxysilane and methacryloxypropyl dimethylmethox-
ysilane.

The amount of the silyl monomer must be 0.5 to 20 wt %
based on the total of all the polymerizable monomers used
in the curable composition of the present mnvention. When
the amount 1s smaller than 0.5 wt %, adhesion between the
obtained cured product and the hard coat worsens and when
the amount 1s larger than 20 wt %, adhesion between a mold
such as a glass mold and the cured product improves during
polymerization, thereby deteriorating releasability when the
cured product 1s removed from the mold or other physical
properties. The amount of the component (B) is preferably
1 to 10 wt %, particularly preferably 2 to 10 wt % based on
the total of all the polymerizable monomers from the view-
point of balance between the adhesion of the hard coat and
releasability.

The radically polymerizable monomers in the curable
composition of the present invention include the component
(C) which is a radically polymerizable monomer other than
the components(A)and(B). Any known radically polymer-
izable monomer may be used as the component (C) if it
differs from the components (A) and (B). It is preferred to
use at least one radically polymerizable monomer selected
from the group consisting of (1) a bifunctional polymerizable
monomer which homopolymer has a L-scale Rockwell
hardness of 60 or more, preferably 65 to 130 (to be simply
referred to as “high-hardness bifunctional monomer”
hereinafter), (11) a polymerizable monomer having at least
one radically polymerizable group and at least one epoxy
group in the molecule (to be simply referred to as “epoxy-
based monomer” hereinafter), (1i1) a polymerizable mono-
mer which homopolymer has a L-scale Rockwell hardness
of 40 or less (to be simply referred to as “low-hardness
monomer” hereinafter), (iv) a polymerizable monomer com-
prising a specific allyl ether compound or allyl thioether
compound (to be simply referred to as “allyl (thio)ether-
based monomer” hereinafter) and (v) a polymerizable mono-
mer other than the above (1) to (1v) (to be simply referred to
as “other monomer” hereinafter) in order to obtain a cured
product having excellent basic properties such as hardness
and heat resistance and excellent photochromism. The
amount of the component (C) is 30 to 98.5 wt %, preferably
50 to 97 wt %, particularly preferably 60 to 96 wt % based
on the total of all the polymerizable monomers.

A description 1s subsequently given of each of the above
radically polymerizable monomers.

The above high-hardness bifunctional monomer (1)serves
to 1improve the basic properties such as hardness and heat
resistance of the obtained cured product. The high-hardness
bifunctional monomer 1s not particularly limited 1f 1t satisfies
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e above requirement. Examples of the monomer 1nclude
1methacrylate derivatives, diacrylate derivatives, divinyl
erivatives, diallyl derivatives, dicyano derivatives, diol
erivatives, dithiol derivatives, urethane dimethacrylate
erivatives, urethane diacrylate derivatives and diepoxy
derivatives. Out of these, dimethacrylate derivatives, dia-
crylate derivatives, divinyl derivatives, urethane
dimethacrylate derivatives and urethane diacrylate deriva-
fives having methacryloyl groups or acryloyl groups are
preferred from the viewpoint of moldability.

Further, bifunctional polymerizable monomers repre-
sented by the following formulas (3) and (4) are particularly
preferably used because their raw materials are easily
acquired and the hardness of the cured product is easily
controlled.

(3)

H,C= C—C— ‘<C—C—O>'A—O‘<C—C— )’C C=CH,

wherein R’ and R® are each independently a hydrogen atom
or methyl group, R” and R'® are each independently a
hydrogen atom, methyl group or ethyl group, A 1s a linear or
branched alkylene group, substituted or nonsubstituted phe-
nylene group, group represented by the following formula:

X

-/

or group represented by the following formula:

(wherein R' and R** are each independently an alkyl group
having 1 to 4 carbon atoms, such as methyl group, ethyl
group, propyl group or butyl group, chlorine atom or bro-
mine atom, p and q are each independently an integer of O
to 4, and B 1s a benzene ring or cyclohexane ring, with the
proviso that when B 1s a benzene ring, X 1S group repre-
sented by

O—, S ;

—C(CH;)(C,H5)— or the following formula:

/

\

O

and when B 1s a cyclohexane ring, X 1s group represented by
O—, —S—, —CH,— or —C(CH,),—),

m and n are each an integer of 0 to 6, the average value of

m+n is 1 to 6, preferably 2 to 6, when R’ and R?® are both
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a methyl group and 1 to 3 when R’ and R® are both a
hydrogen atom.

R13

‘ _(H Hz) ‘
H,C—C—C—0—(C—C—+—0—C—C=—CH,

| | |

O R O

wherein R' and R'* are each independently a hydrogen
atom or methyl group, R'” is a hydrogen atom, methyl group
or ethyl group, and r 1s an integer of 1 to 10, with the proviso
that r is an integer of 1 to 10, preferably 2 to 9, when R™ and
R** are both a methyl group and 1 to 3 when R*> and R
are both a hydrogen atom.

The groups represented by the above symbols 1n the
above formula (3) are as defined above. The linear or
branched alkylene group represented by A preferably has 2
to 9 carbon atoms, as exemplified by ethylene group, pro-
pylene group, butylene group, neopentylene group, hexylene
cgroup and nonylene group. The substituent of the phenylene
group represented by A 1s preferably an alkyl group having
1 to 4 carbon atoms such as methyl group, ethyl group,

propyl group or butyl group, chlorine atom, bromine atom or
the like.

Since the bifunctional polymerizable monomer repre-
sented by the formula (3) 1s generally obtained as a mixture
of molecules which differ from each other in the values of
m and n, the average value of m+n 1s given to define m and

n in the above formula.

Examples of the monomer represented by the formula (3)
include ethylene glycol diacrylate, triethylene glycol
diacrylate, diethylene glycol dimethacrylate, triethylene gly-
col dimethacrylate, tetracthylene glycol dimethacrylate,
tripropylene glycol dimethacrylate, tetrapropylene glycol
dimethacrylate, ethylene glycol bisglycidyl methacrylate,
bisphenol A dimethacrylate, 2,2-bis(4-
methacryloyloxyethoxyphenyl)propane and 2,2-bis(3,5-
dibromo-4-methacryloyloxyethoxyphenyl) propane.
Examples of the monomer represented by the formula (4)
include 1,4-butylene glycol dimethacrylate, 1,9-nonylene
oglycol dimethacrylate and neopentylene glycol dimethacry-
late. These bifunctional polymerizable monomers may be

used 1n combination of two or more.

The amount of the high-hardness bifunctional monomer 1s
preferably 30 to 90 wt %, particularly preferably 40 to 80 wt
% based on the total weight of all the radically polymeriz-

able monomers.

By adding the above epoxy-based monomer (ii), photo-
chromism durability 1s improved. The epoxy-based mono-
mer 1s preferably a compound represented by the following

formula (5):

(5)
lej ];{17fr

H,C—C—C—0—R'"®03—R"”0y—CH,C—CH,

O O

wherein R'® and R'’ are each independently a hydrogen
atom or methyl group, R'® and R'” are each independently
an alkylene group having 1 to 4 carbon atoms which may be
substituted by a hydroxy group or group represented by the
following formula:
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TH:J, —
N

4
\ 7/

CH,

and s and t are each an integer of 0 to 20.

Examples of the alkylene group represented by R'® and
R*” include methylene group, ethylene group, propylene
group, butylene group, trimethylene group and tetramethyl-
ene group.

Preferred examples of the compound represented by the
above formula (5) include glycidyl acrylate, glycidyl
methacrylate, B-methylglycidyl methacrylate, bisphenol
A-monoglycidyl ether-methacrylate, 4-glycidyloxy
methacrylate, 3-(glycidyl-2-oxyethoxy)-2-hydroxypropyl
methacrylate, 3-(glycidyloxy-1-isopropyloxy)-2-hydroxy-
propyl acrylate, 3-glycidyloxy-2-hydroxypropyloxy)-2-
hydroxypropyl acrylate and glycidyloxy polyethylene glycol
methacrylate having an average molecular weight of 540.
Out of these, glycidyl acrylate, glycidyl methacrylate and
glycidyloxy polyethylene glycol methacrylate having an
average molecular weight of 540 are particularly preferred.

The amount of the epoxy-based monomer 1s preferably
0.01 to 30 wt %, particularly preferably 0.1 to 20 wt % based
on the total weight of all the radically polymerizable mono-
mers.

The low-hardness monomer (iil) serves to improve the
strength of the cured product and the fading speed of
photochromism. The low-hardness monomer 1s particularly
preferably used in conjunction with the above high-hardness
bifunctional monomer (1).

The above low-hardness monomer 1s preferably a com-
pound represented by the following formula (6) or (7).

RZD

(6)
‘ g H H
H.C—C—C—+7Z—C—C 77—+ C—C—Z—+R?%
| | |
O R R ,

wherein R*°, R*! and R** are each independently a hydrogen
atom, methyl group or ethyl group, R*” is a hydrogen atom,
alkyl group having 1 to 25 carbon toms, alkoxyalkyl group,
aryl group, acyl group, alkyloxy group having an epoxy
oroup at a terminal, methacryloyl group, acryloyl group,
haloalkyl group or oleyl group, Z 1s an oxygen atom or sulfur
atom, and v and v' are each an 1nteger of 0 to 70, with the
proviso that when R*" is a methyl group or ethyl group and
R*> is a group other than methacryloyl group and acryloyl
ogroup, v and v' are an integer of 4 to 70 and an integer of 0
to 70, respectively, when R*” is a methyl group or ethyl
group and R*’ is a methacryloyl group or acryloyl group, v
and v' are an 1nteger of 7 to 70 and an integer of 0 to 70,
respectively, and when R*” is a hydrogen atom, v and v' are
an 1nteger of 4 to 70 and an integer of 0 to 70, respectively.

(7)
R24

H,C—C—C—0—R?

O

wherein R** is a hydrogen atom or methyl group, and R* is
an alkyl group having 1 to 20 carbon atoms when R** is a
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hydrogen atom and an alkyl group having 8 to 40 carbon
atoms when R** is a methyl group.

Preferred examples of the compound represented by the
above formula (6) include polyalkylene glycol (meth) acry-
lates such as polyethylene glycol methacrylate, polyethylene
glycol methacrylate, methyl ether polyethylene glycol
methacrylate, methyl ether polyethylene glycol
methacrylate, polypropylene glycol methacrylate, polypro-
pvlene glycol methacrylate,polypropylene glycol
methacrylate, methyl ether polypropylene glycol
methacrylate, polytetramethylene glycol methacrylate,
octylphenyl ether polyethylene glycol methacrylate, nonyl
cther polyethylene glycol methacrylate, methyl ether poly-
cthylene thioglycol methacrylate and perfluoroheptyl ethyl-
ene glycol methacrylate; polyalkylene glycol diacrylates
such as trialkylene glycol diacrylate, tetraalkylene glycol
diacrylate and nonylalkylene glycol diacrylate; and poly-
alkylene glycol dimethacrylates such as nonylalkylene gly-
col dimethacrylate and tetradecanealkylene glycol
dimethacrylate. Out of these, methyl ether polyethylene
olycol methacrylate, methyl ether polyethylene glycol
methacrylate, tetraalkylene glycol diacrylate and nonylalky-
lene glycol diacrylate are particularly preferred. The com-
pound represented by the above formula (6) preferably has
an average molecular weight of 360 to 2,000.

Preferred examples of the compound represented by the
above formula (7) include stearyl methacrylate, lauryl
methacrylate, ethyl hexyl methacrylate, methyl acrylate,
cthyl acrylate, butyl acrylate and lauryl acrylate. Out of
these, methyl acrylate, ethyl acrylate, butyl acrylate and
lauryl acrylate are particularly preferred.

The amount of the low-hardness monomer 1s preferably
0.1 to 20 wt %, particularly preferably 0.5 to 10 wt % based
on the total weigh of all the radically polymerizable mono-
mers.

The above allyl ether-based monomer (iv) serves to
improve the fading speed of photochromism. The allyl
ether-based monomer is an allyl (thio)ether compound, that
1s, allyl ether compound or allyl thioether compound repre-
sented by the following formula (8):

(8)

wherein R*° and R*’ are each independently a hydrogen
atom or alkyl group, R*® is an alkyl group, acyl group,
acryloyl group, methacryloyl group, vinyl group or styryl
group, 7. 1s an oxygen atom or sulfur atom, a' and b' are each
independently an integer of 0 to 20, and the average value
of a'+b' 1s 3 to 20.

The alkyl group represented by R*° and R*’ in the above
formula preferably has 1 to 2 carbon atoms, as exemplified
by methyl group and ethyl group. Examples of the alkyl
group represented by R*® are preferably the same as those
listed for R*® and R*’. Further, the acyl group represented by
R=® preferably has 2 to 15 carbon atoms, as exemplified by
acetyl group, propionyl group, butyryl group, benzoyl group
and naphthoyl group.

The monomer represented by the above formula 1s gen-
crally obtained as a mixture of molecules having different
molecular weights. Therefore, a' and b' each indicative of the
number of alkylene oxide units in the above formula (&)
represent the average numbers of the units 1n the whole
mixture. In this case, a' and b' are each independently an
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integer of 0 to 20 and the average value of a'+b' 1s 3 to 20.
When one of a' and b' 1s 0, the alkylene oxide units are of the
same type and when a' and b' are both an 1nteger other than
0, there are a plurality of recurring blocks each consisting of
different types of alkylene oxide units.

In the present i1nvention, to obtain excellent photo-
chromism in terms of color density and fading speed, R*°
and R>" in the above formula (8) are particularly preferably
a hg/drogen atom or alkyl group having 1 to 2 carbon atoms,
R*® is particularly preferably an alkyl group having 1 to 2
carbon atoms or acyl group having 2 to 10 carbon atoms, a'
and b' are each independently an integer of 0 to 10, and the
average value of a'+b' 1s particularly preferably 4 to 12.

[llustrative examples of the allyl ether-based monomer
which 1s advantageously used 1n the present invention
include methoxypolyethylene glycol allyl ethers, methoxy-
polyethylene glycol allyl ethers, methoxypolyethylene gly-
col allyl ethers, polyethylene glycol allyl ethers, methoxy-
polyethylene glycol-polypropylene glycol allyl ethers,
butoxypolyethylene glycol-polypropylene glycol allyl
ethers, methacryloxypolyethylene glycol-polypropylene
olycol allyl ethers, phenoxypolyethylene glycol allyl ethers,
methacryloxypolyethylene glycol allyl ethers, acryloxypoly-
cthylene glycol allyl ethers, vinyloxypolyethylene glycol
allyl ethers, styryloxypolyethylene glycol allyl ethers and
methoxypolyethylene thioglycol allyl thioethers. The allyl
cther-based monomer preferably has an average molecular
welght of 350 to 1,600. These compounds may be used alone
or 1n combination.

The amount of the allyl ether-based monomer 1s prefer-
ably 0.01 to 30 wt %, particularly preferably 0.1 to 20 wt %
based on the total weight of all the radically polymerizable
MONOMETS.

Examples of the other monomer (v) include monofunc-
tional polymerizable monomers bifunctional (meth)
acrylates such as polytetramethylene glycol dimethacrylate
and polytetramethylene glycol dimethacrylate; polyallyl
compounds such as diallyl phthalate, diallyl isophthalate,
diallyl tartarate, diallyl epoxy succinate, diallyl fumarate,
diallyl chlorendate, diallyl hexaphthalate and allyl diglycol
carbonate; polyvalent thioacrylate and polyvalent thi-
omethacrylate compounds such as 1,2-bis(methacryloylthio)
ethane, bis(2-acryloylthioethyl)ether and 1,4-bis
(methacryloylthiomethyl)benzene; unsaturated carboxylic
acids such as acrylic acid, methacrylic acid and maleic
anhydride; acrylate and methacrylate compounds such as
methyl methacrylate, butyl methacrylate, benzyl
methacrylate, phenyl methacrylate, 2-hydroxyethyl meth-
acrylate and biphenyl methacrylate; fumarate compounds
such as diethyl fumarate and diphenyl fumarate; thioacrylate
and thiomethacrylate compounds such as methyl
thioacrylate, benzyl thioacrylate and benzyl thiomethacry-
late; vinyl compounds such as styrene, chlorostyrene,
methylstyrene, vinylnaphthalene, o-methylstyrene dimer,
bromostyrene and divinylbenzene; (meth)acrylates whose
hydrocarbon chain having an unsaturated bond 1n the mol-
ecule has 6 to 25 carbon atoms, such as oleyl methacrylate,
nerol methacrylate, geraniol methacrylate, linalool meth-
acrylate and farnesol methacrylate; and thioether methacry-
lates such as bis(2-methacryloyloxyethylthioethyl)sulfide.
They may be used alone or in combination of two or more,
and further 1 conjunction with the above bifunctional
polymerizable monomer, low-hardness monomer and
epoxy-based monomer.

The another radically polymerizable monomer (C) 1is
particularly preferably a combination of the above compo-
nents (1), (i1) and (ii1), a combination of the above compo-
nents (1), (i1), (ii1) and (v), a combination of the above
components (1), (i1) and (iv) or a combination of the above
components (1), (11), (1v) and (v).

Any known photochromic compound may be used as the
photochromic compound which 1s used as the component

10

15

20

25

30

35

40

45

50

55

60

65

12

(D) in the curable composition of the present invention.
[llustrative examples of the photochromic compound
include fulgimide compounds, spirooxazine compounds and
chromene compounds which are well known as photochro-
mic compounds and may be used alone or 1n combination in
the present application.

The above fulgimide compounds, spirooxazine com-

pounds and chromene compounds are disclosed for example
in JP-A 2-28154, JP-A 62-288830, PCT International Appli-

cation No. 94/22850 and PCT 96/14596.

The compounds which were newly discovered by the
inventors of the present invention as a compound having
excellent photochromism, that 1s, photochromic compounds
disclosed m JP-A 10-857943, JP-A 2000-219686, JP-A
2000-229973, JP-A 2000-229975, JP-A 2000-229974, JP-A
2000-344°761, JP-A 2000-3276776, JP-A 2000-347346, JP-A
2001-192378, JP-A 2000-619800, JP-A 2000-3447762, JP-A

2001-011067 and JP-A 2001-011066 may also be advanta-
geously used.

Out of these photochromic compounds, chromene com-
pounds can be particularly preferably used because they
have higher photochromism durability and improve the
color density and fading speed of photochromism of the
present invention more than the other photochromic com-
pounds. Out of the chromene compounds, compounds hav-
ing a molecular weight of 540 or more can be particularly
preferably used because they improve the color density and
fading speed of photochromism more than the other
chromene compounds.

The chromene compound which can be advantageously
used 1n the present invention is, for example, a compound
represented by the following formula (9):

©)

R32
(R>), N R3!
v | R30
()"’#’H##'
R29

wherein a group represented by the following formula (10)
1s a substituted or nonsubstituted aromatic hydrocarbon
group or substituted or nonsubstituted unsaturated hetero-
cyclic group,

(10)
(R

Y

R>', R** and R are each independently a hydrogen atom,
alkyl group, alkoxy group, aralkoxy group, amino group,
substituted amino group, cyano group, substituted or non-
substituted aryl group, halogen atom, aralkyl group, hydroxy
ogroup, substituted or nonsubstituted alkynyl group, substi-
tuted or nonsubstituted heterocyclic group having a nitrogen
atom as a hetero atom and a pyran ring or the ring of a group
represented by the above formula (10) bonded to the above
nitrogen atom, or condensation heterocyclic group having an
aromatic hydrocarbon ring or aromatic hetero ring con-
densed at the heterocyclic group, u 1s an integer of 0 to 6, and
R*" and R are each independently a group represented by
the following formula (11):
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(11)

4c=(}:g—R34
‘ W

R35

(wherein R’ is a substituted or nonsubstituted aryl group, or
substituted or nonsubstituted heteroaryl group, R* is a
hydrogen atom, alkyl group or halogen atom, and w 1s an
integer of 1 to 3),

group represented by the following formula (12):

—f C=CH>—R* -

(wherein R”° is a substituted or nonsubstituted aryl group, or
substituted or nonsubstituted heteroaryl group, and w' 1s an
integer of 1 to 3),

substituted or nonsubstituted aryl group, substituted or non-
substituted heteroaryl group, or alkyl group, or R*” and R°
may be bonded together to form an aliphatic hydrocarbon
ring or aromatic hydrocarbon ring.

The “substituents” in the above formulas (11) and (12)
and the “substituted aryl group or substituted heteroaryl
group” for R*” and R>" are the same as substituents in the
groups represented by R>' to R,

More preferred examples of the chromene compound

include compounds represented by the following formulas
(13) to (19).

(13)

QA
‘ R38
N
R37

=
X
F

\
A

(R¥)s

wherein R”7 and R>® are defined the same as R*” and R*" in
the above formula (9), R> and R*° are defined the same as
R>', R** and R* in the above formula (9), and x and x' are

cach an integer of 0 to 3.

(14)
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wherein R* and R** are defined the same as R*° and R>° in

the above formula (9), R*> and R** are defined the same as
R>', R% and R”’ in the above formula (9), and —G—is a

group represented by

H H_)_ 4@ 45
C=C7—; —tCHy): I JRI7—;
R4
15 45 (‘:|) J/ \J
4(_RJ RH— C o —SeZ

(J is an oxygen atom or sulfur atom, R* is an alkylene group
having 1 to 6 carbon atoms, and ¢, I, ¢ and h are each an
integer of 1 to 4), and y and y' are each an integer of 0 to 3.

48 (1)
(R™);
(R49)z’

K x

wherein R*® and R*” are defined the same as R*” and R”" in
the above formula (9), R*®, R*, R>° and R”" are defined the
same as R, R® and R”> in the above formula (9), the group
represented by the following formula 1s a substituted or
nonsubstituted aromatic hydrocarbon group, or substituted
or nonsubstituted unsaturated heterocyclic group, and z, z',
z" and z™ are each an imteger of 0 to 3.

(16)

wherein R°Z and R>> are defined the same as R*® and R>° in
the above formula (9), R>%, R>> and R>° are defined the same
as R*', R°% and R’ in the above formula (9), and j, j' and

1" are each an integer of 0 to 3.



15

(R

X
(<
**/--‘ <

O
(R

R>', R** and R*in the above formula (9), and k and k' are

wherein R>7 and R>® are defined the same as R*” and R*° in ‘ =
the above formula (9), R> and R°° are defined the same as s ‘
OCH;

cach an integer of 0 to 3.

65 - R64
(R )1\["‘>

(R%)y
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(17)
: H,CO ..

RS 4!‘]"’ ‘!!IID7

Z N X

10 ‘

/ \

(18)
20

/ N\
__/

P

30

O
wherein R°! and R°“ are defined the same as R*® and R>° in O

the above formula (9), R°?, R®*, R®> and R°° are defined the

1' are each an integer of 0 to 3.

same as R*', R°* and R’ in the above formula (9), and 1 and 2 ‘
Z

(19) ‘

O
N
(RTU)G —— (Rﬁg)n” / ‘
\\ / 40 \(
7 ‘ X 9 N
PN
‘ N O R67 45 \O/

\,;\':*"

RTI)D’

the above formula (9), R°”, R’ and R"* are defined the same
as R>', R°* and R in the above formula (9), the group O

represented by the following formula i1s an aliphatic hydro-

carbon ring which may have at least one substituent, and o,
o' and o" are each an integer of O to 3.

50
wherein R®7 and R®® are defined the same as R*® and R>° in HCO ‘

55

O
RGB) , ‘
O /
60 Z ‘
OCH,4 N
N
Much more preferred examples of the chromene com- <
pound of the present invention include chromene com-

O

pounds having the following structures.
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-continued

N(CHz),

OCH,

H,CO

N
/‘ AN |
W O/\/
OCH, N

In the curable composition of the present invention, the
amount of the photochromic compound 1s 0.0001 to 10 parts
by weight, preferably 0.001 to 5 parts by weight, more
preferably 0.001 to 1 part by weight based on 100 parts by
welght of the total of all the radically polymerizable mono-
mers. When the amount of the photochromic compound 1s
smaller than 0.0001 part by weight, the color density may
lower and when the amount 1s larger than 10 parts by weight,
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the photochromic compound does not dissolve 1n the poly-
merizable monomers completely, whereby the resulting
solution may become heterogencous and the color density
may become nonuniform.

The curable composition of the present invention may
contain additives such as a surfactant, antioxidant, radical
scavenger, ultraviolet light stabilizer, ultraviolet light
absorber, release agent, discoloration preventing agent, anti-
static agent, fluorescent dye, dye, pigment, perfume and
plasticizer to improve the durability, color developing speed,
fading speed and moldability of a photochromic compound.
Any known compounds may be used as the additives to be
added.

For example, the surfactant may be nonionic, anionic or
cationic. A nonionic surfactant 1s preferred from the view-
point of solubility 1n polymerizable monomers. Preferred
examples of the nonionic surfactant include sorbitan fatty
acid esters, glycerin fatty acid esters, decaglycerin fatty acid
esters, propylene glycol.pentaerythritol fatty acid esters,
polyoxyethylene sorbitan fatty acid esters, polyoxyethylene
sorbite fatty acid esters, polyoxyethylene glycerin fatty acid
esters, polyethylene glycol fatty acid esters, polyoxyethyl-
ene alkyl ethers, polyoxyethylene phytosterol.phytostanol,
polyoxyethylene polyoxypropylene alkyl ethers, polyoxy-
cthylene alkylphenyl ethers, polyoxyethylene castor oil.har-
dened castor oil, polyoxyethylene lanolin.lanolin alcohol
beeswax derivatives, polyoxyethylene alkylamine.fatty acid
amides, polyoxyethylene alkylphenyl formaldehyde con-
densates and single-chain polyoxyethylene alkyl ethers.
These surfactants may be used in combination of two or
more. The amount of the surfactant 1s preferably 0.1 to 20
parts by weight based on 100 parts by weight of the total of
all the polymerizable monomers.

As the antioxidant, radical scavenger, ultraviolet light
stabilizer and ultraviolet light absorber may be preferably
used a hindered phenol antioxidant, sulfur-based
antioxidant, phenol-based radical scavenger, hindered amine
ligcht stabilizer, benzotriazole-based compound and
benzophenone-based compound, respectively. These
antioxidants, radical scavengers, ultraviolet light stabilizers
and ultraviolet light absorbers may be used 1n combination
of two or more. To use these non-polymerizable compounds,
a surfactant may be used 1 conjunction with an antioxidant,
radical scavenger, ultraviolet light stabilizer and ultraviolet
light absorber. The total amount of the antioxidant, radical
scavenger, ultraviolet light stabilizer and ultraviolet light
absorber 1s preferably 0.001 to 1 part by weight based on 100
parts by weight of the total of all the polymerizable mono-
mers.

The method of preparing the curable composition of the
present mvention 1s not particularly limited and may be
carried out by weighing and mixing together predetermined
amounts of the components. The order of adding the com-
ponents 1s not particularly limited. All the components may
be added simultaneously, or only monomer components are
mixed together and then a photochromic compound and
other additives may be added to and mixed with the resulting
mixture right before polymerization as described hereinafter.
As will be described hereinafter, a polymerization 1nitiator
may be optionally added for polymerization.

The curable composition of the present invention pre-
pared as described above provides the photochromic cured
product of the present invention which can be advanta-
geously used as a spectacle lens or the like by polymerizing
and curing it.

The method of obtaining the photochromic cured product
of the present invention by curing the curable composition
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of the present mvention i1s not particularly limited and a
known polymerization method may be employed according
to the types of monomers used. Polymerization may be
started by use of a radical polymerization 1nitiator exempli-
fied by peroxides and azo compounds, exposure to ultravio-
let light, a.-ray, 3-ray or y-ray, or a combination thereof.

The polymerization method 1s not particularly limited.
When the cured product of the present invention 1s used as
an optical material such as a photochromic lens, cast poly-
merization 1s preferably carried out. Typical cast polymer-
1zation will be described 1n more detail hereinbelow.

In the above method, the curable composition of the
present mvention comprising a radical polymerization 1ni-
fiator 1s 1injected 1nto the space between molds held by an
clastomer gasket or spacer and heated 1n an air oven to be
polymerized and cured and then the cured product 1s taken
out.

Any known radical polymerization initiator may be used.
Typical examples of the radical polymerization initiator
include diacyl peroxides such as benzoyl peroxide,
p-chlorobenzoyl peroxide, decanoyl peroxide, lauroyl per-
oxide and acetyl peroxide; peroxy esters such as t-butyl
peroxy-2-ethyl hexanoate, t-butyl peroxydicarbonate, cumyl
peroxyneodecanate and t-butyl peroxybenzoate; percarbon-
ates such as dusopropyl peroxydicarbonate, di-2-ethylhexyl
peroxydicarbonate and di-sec-butyloxycarbonate; and azo
compounds such as 2,2'-azobisisobutyronitrile, 2,2'-azobis
(4-dimethylvaleronitrile), 2,2'-azobis(2-methylbutyronitrile)
and 1,1'-azobis(cyclohexane-1-carbonitrile).

The amount of the radical polymerization initiator which
differs according to polymerization conditions, the type of
the mitiator and the type and composition of the curable
composition of the present invention cannot be limited but
it 1s preferably 0.01 to 10 parts by weight based on 100 parts
by weight of the total of all the polymerizable monomers.

Out of the polymerization conditions, the temperature has
an 1nifluence upon the properties of the obtained resin. As
this temperature condition 1s influenced by the type and
amount of the initiator and the types of the monomers, 1t
cannot be limited. However, 1t 1s preferred to carry out
so-called “tapered two-stage polymerization” that polymer-
1zation 1s started at a relatively low temperature, the tem-
perature 1s raised gradually, and curing 1s carried out at a
high temperature at the end of polymerization.

Since the polymerization time also differs according to
various factors like the temperature, 1t 1s preferred to deter-
mine the optimum time according to these conditions. For
example, the conditions are preferably selected to complete
polymerization in 2 to 40 hours.

Cast polymerization may also be carried out by known
photopolymerization using ultraviolet light. In this case,
benzoin, benzoin methyl ether, benzoin butyl ether,
benzophenol, acetophenone, 4,4'-dichlorobenzophenone,
diethoxyacetophenone, 2-hydroxy-2-methyl-1-
phenylpropan-1-one, benzylmethyl ketal, 1-(4-isopropyl-
phenyl)-2-hydroxy-2-methylpropan-1-one, 1-hydroxycyclo-
hexylphenyl ketone or 2-1sopropylthioxanthone may be used
as a photopolymerization initiator. The photopolymerization
nitiator 1s preferably used 1n an amount of 0.001 to 5 parts
by weight based on 100 parts by weight of the total of all the
MONOMETS.

The cured product of the present invention obtained by
the above method may be subjected to the following treat-
ments according to 1ts application purpose. That 1s, it may be
dyed with a dispersion dye or the like, coated with a hard
coat agent essentially composed of a silane coupling agent
or a sol of silicon, zirconium, antimony or aluminum oxide
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(hard coat agent cured by a so-called “condensation
method™) or a hard coat agent essentially composed of an
organic polymer, or subjected to an anti-reflection treatment
by depositing a metal oxide thin film such as a S10,, TiO,
or ZrO, film or applying an organic polymer thin film,
antistatic treatment or secondary treatment.

The photochromic cured product of the present invention
has excellent releasability when 1t 1s removed from a mold
after molding and excellent adhesion to a coating {ilm
formed by applying a hard coat agent and curing it by the
above condensation method. The above hard coat agent 1s
ogenerally used to improve the scratch resistance of the cured
product, as exemplified by TS56 (trade name) marketed by
Tokuyama Corporation.

The method of applying the above hard coat to the surface
of the cured product of the present 1nvention 1s not particu-
larly Iimited. A coat solution essentially composed of a sol
1s applied to the surface of the cured product in accordance

with a generally known method. For example, the cured
product 1s immersed 1n the coat solution, or the coat solution
1s applied to the surface of the cured product by a spray,
brush or roller. After coating, the coat solution 1s dried with
dry air or 1n the air and heated to be cured so as to form a
f1lm. The heating temperature which differs according to the
type of the cured product is 50° C. or more, preferably 60°
C. or more and a temperature at which the cured product 1s
not thermally deformed, for example, 150° C. or less. The
curing temperature 1s 130° C. for 1 to 2 hours or 70 to 80°
C. for 3 to 4hours. To improve adhesion to the cured product,
a pretreatment such as a reagent treatment with an aqueous
solution of sodium hydroxide, or potassium bichromate/
sulfuric acid solution, or discharge treatment with plasma 1s
preferably carried out.

EXAMPLES

The following examples are provided for the purpose of
further i1llustrating the present invention but are in no way to
be taken as limiting.

The compounds used 1n the following examples are as
follows.

(1) Polyfunctional Radically Polymerizable Monomer
(Component A)

The abbreviations and names of the compounds used are
ogrven below. The “homo-HL” within the parentheses shows
the L-scale Rockwell hardness of a cured product obtained
by cast homopolymerizing each monomer. As for the
method of measuring the hardness, after the cured product 1s
kept in a chamber maintained at 25° C. for 1 day, its L-scale
Rockwell hardness 1s measured with the Akashi Rockwell
hardness meter (type: AR-10).

TMPT: trimethylolpropane trimethacrylate (homo-HL=122)
PETMA: pentaerythritol tetramethacrylate (homo-HL=122)
TMM: pentaerythritol trimethacrylate

(2) Silyl Monomer (Component B)

TMSIMA: v-methacryloyloxypropyl trimethoxysilane
DMSIMA: v-methacryloyloxypropyl methyldimethoxysi-
lane

(3) Radically Polymerizable Monomer other than Compo-
nents A and B (Component C)

4G: tetraethylene glycol dimethacrylate (homo-HL=90)
9GDA: polyethylene glycol diacrylate having an average
molecular weight of 532 (homo-HL<20)

MePEGMA (475): methyl ether polyethylene glycol meth-
acrylate having an average molecular weight of 1,000
(homo-HL<20) ALMePEG (550): methoxypolyethylene
olycol allyl ether having an average molecular weight of 550
BPE: 2,2-bis(4-methacryloyloxyethoxyphenyl)propane
(homo-HL=110)
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GMA: glycidyl methacrylate (homo-HL=80)
aMS: a-methylstyrene (homo-HIL.<40)

US 6,302,993 B2

MSD: oa-methylstyrene dimer (not homopolymerized)

(4) Photochromic Compound

7

H;,CO

\

4

chromene 1

chromene 2

chromene 3
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-continued
~
AN
HSCO\/\/‘\O/
g
S
X
PPN
AN

R

«s (5) Polymerization Initiator

Y
.

)

N
O

OCH,

<_>z

chromene 5
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ND: t-butyl peroxyneodecanate (trade name: Perbutyl ND,
manufactured by NOF Corporation)
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octaO: 1,1,3,3-tetramethylbutylperoxy-2-ethyl hexanoate
(trade name: Perocta O, manufactured by NOF Corporation)
(6) Hard Coat Solution

TS56H (manufactured by Tokuyama Corporation)

Example 1

0.03 part by weight of chromene 1 and 1 part by weight
of perbutyl ND as a polymerization initiator were added to
and fully mixed with 100 parts by weight of polymerizable
monomers consisting of 20 parts by weight of trimethylol-
propane trimethacrylate, 5 parts by weight of
v-methacryloyloxypropyl trimethoxysilane, 25 parts by
welght of 2,2-bis(4-methacryloyloxyethoxyphenyl)propane,
30 pats by weight of tetracthylene glycol dimethacrylate, 3
parts by weight of polyethylene glycol diacrylate having an
average molecular weight of 532, 10 parts by weight of
olycidyl methacrylate, 6 parts by weight of o.-methylstyrene
and 1 part by weight of a-methylstyrene dimer. This mixed
solution was 1njected nto a mold consisting of glass plates
and a gasket comprising an ethylene-vinyl acetate copoly-
mer to carry out cast polymerization. Polymerization was
carried out 1n an air oven by gradually increasing the
temperature from 30 to 90° C. in 18 hours and maintaining
it at 90° C. for 2 hours. After the end of polymerization, the
obtained polymer was taken out from the glass mold.

When releasability at this point was evaluated, it was O.
More specifically, when the polymer could be easily and
completely released from the mold without being broken,
releasability was evaluated as (O) and when the polymer
was broken and hardly released from the mold, 1t was
evaluated as (x).

Further, after the obtained polymer was washed with
acetone and fully dried with air to be cleaned, 1t was
immersed 1n a 10% NaOH aqueous solution for 10 minutes,
fully washed with water and dried with air again. This
polymer was 1mmersed 1 a TS56H hard coat solution,
pulled up at a rate of 30 mm/min, pre-dried at 60° C. for 15
minutes and cured by heating at 130° C. for 2 hours to form
a hard coat on the surface of the polymer.

The obtained polymer (thickness of 2 mm) was used as a

sample and exposed to light from the L-2480 (300 W)
SHIL-100 xenon lamp of Hamamatsu Photonics Co., Ltd. at
a beam 1intensity on the surface of the polymer of 365
nm=2.4 mW/cm® or 245 nm=24 yW/cm* and at 20° C. +1°
C. for 120 seconds through an aeromass filter (of Corning
Co., Ltd.) to develop color so as to measure the photo-
chromism of the sample. The photochromism was evaluated
by the following methods.
(1) maximum absorption wavelength (Amax): the maximum
absorption wavelength after color development, obtained by
the spectrophotometer (MCPD1000 instantaneous multi-
channel photodetector) of Otsuka Denshi Kogyo Co., Litd.
The maximum absorption wavelength 1s connected with the
tone of developed color.

component A component B

10

15

20

25

30

35

40

45

50

24

(2) color density {e(120)-€(0)}: the difference between
absorbance {e(120)} after 120 seconds of exposure at the
above maximum absorption wavelength and the above €(0).
As this value become larger, photochromism 1s better.

(3) fading speed [t%2 (min.)]: the time required until the
absorbance at the above maximum wavelength of the sample
drops to % of {e(120)-€(0)} when irradiation is stopped
after 120 seconds of exposure. As the time becomes shorter,
photochromism 1s better.

(4) durability (%)={(A,,,/A,)x100)}: The following dete-
rioration promotion test was conducted to evaluate color
development durability by exposure. That 1s, the deteriora-
tion of the obtained polymer (sample) was promoted by the
X25 xenon weather meter of Suga Shikenki Co., Ltd. for 200
hours. Thereafter, the above evaluation of color density was
carried out before and after the test to measure color density
(A,) before the test and color density (A,,,) after the test.
The residual rate (%) was obtained from {(A,,,/Ay)x100}
and used as an 1mndex of color development durability. As the
residual rate becomes higher, the color development dura-
bility 1s higher.

Further, the characteristic properties of a hard coat were
evaluated by the following tests.

(5) adhesion test: The surface of a sample was cut into 100
1 mmx1 mm squares with a sharp cutter knife, and com-
mercially available Cellotape was aflixed to the surface and
stripped quickly from the sample. When all of the squares
were unremoved, adhesion was evaluated as O, when some
of the squares were removed, adhesion was evaluated as A,
and when all of the squares were removed, adhesion was
evaluated as x.

(6) scratch resistance test: #0000 steel wool was set in the
scratch resistance tester of Fukuda Kikai Kogyo Co., Ltd.
and the sample was rubbed by moving the steel wool back
and forth 10 times over the surface thereof under a load of
1 kg to observe the scratch resistance of the sample visually.
The scratch resistance of the sample was evaluated based on
five criteria A to E, that 1s, when the surface of the sample
was not scratched at all, the scratch resistance was evaluated
as A and when the surface of the polyallyl diethylene glycol
carbonate base of the sample was badly scratched, the
scratch resistance was evaluated as E.

As a result, the sample had a Amax of 610 nm, a color
density of 0.75, a fading speed of 1.2 minutes and a
durability of 72%, and its adhesion was evaluated as O and
its scratch resistance was evaluated as B.

Examples 2 to 20

Photochromic cured products were obtained and evalu-
ated for their characteristic properties 1n the same manner as
in Example 1 except that radically polymerizable monomer
compositions, chromene compounds and other additives
shown 1n Table 1 were used.

TABLE 1

polymerization

Ex. (parts by (parts by component C initiator chromene compound
No. weight) weight) (parts by weight) (parts by weight) (parts by weight)
1 TMPT TMSiMA  BPE/AG/MePEGMA (475)/GMA/oMS/MSD ND chromene 1
20 5 25/23/10/10/6/1 1 0.03
2 TMPT TMSiMA  BPE/AG/MePEGMA (475)/GMA/oMS/MSD ND chromene 1
20 1 25/27/10/10/6/1 1 0.03
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component A component B polymerization

Ex. (parts by (parts by component C initiator chromene compound
No. weight) weight) (parts by weight) (parts by weight) (parts by weight)
3 TMPT TMSIMA  BPE/4G/MePEGMA (475)/GMA/aMS/MSD ND chromene 1
20 10 25/18/10/10/6/1 1 0.03
4 TMPT TMSIMA  BPE/4G/MePEGMA (475)/GMA/aMS/MSD ND chromene 1
20 20 25/8/10/10/6/1 1 0.03
5 TMPT TMSiMA BPE/4G/9GA/GMA/aMS/MSD ND chromene 1
20 5 25/30/3/10/6/1 1 0.03
6 TMPT DMSIMA BPE/4G/9GA/GMA/aMS/MSD ND chromene 1
20 5 25/30/3/10/6/1 1 0.03
7 TMPT TMSIMA  BPE/AG/ALMePEG (550)/GMA/aMS/MSD ND/octaO chromene 1
20 5 25/30/2/10/5/3 0.7/0.1 0.03
8 PETMA TMSiMA 4G/MePEGMA (475)/GMA/oaMS/MSD ND chromene 1
20 5 47/10/10/6/1 1 0.03
9 T™M TMSiMA 4G/MePEGMA (475)/GMA/oaMS/MSD ND chromene 1
20 5 47/10/10/6/1 1 0.03
10 TMPT TMSiMA  BPE/4G/MecPEGMA (475)/GMA/aMS/MSD ND chromene 1
5 5 25/38/10/10/6/1 1 0.03
11 TMPT TMSiMA  BPE/4G/MecPEGMA (475)/GMA/aMS/MSD ND chromene 1
30 5 25/13/10/10/6/1 1 0.03
12 TMPT TMSiMA  BPE/4G/MePEGMA (475)/GMA/aMS/MSD ND chromene 1/chromene 5
20 5 25/23/10/10/6/1 1 0.03/0.02
13 TMPT DMSIMA BPE/4G/9GA/GMA/aMS/MSD ND chromene 1
20 0.5 25/34.5/3/10/6/1 1 0.03
14 TMPT DMSIMA BPE/4G/9GA/GMA/aMS/MSD ND chromene 1
20 10 25/25/3/10/6/1 1 0.03
15 TMPT TMSiMA  BPE/4G/MePEGMA (475)/GMA/aMS/MSD ND chromene 2
20 5 25/23/10/10/6/1 1 0.03
16 TMPT TMSIMA  BPE/4G/MePEGMA (475)/GMA/aMS/MSD ND chromene 3
20 5 25/23/10/10/6/1 1 0.03
17 TMPT TMSIMA  BPE/4G/MePEGMA (475)/GMA/aMS/MSD ND chromene 4
20 5 25/23/10/10/6/1 1 0.03
18 PETMA TMSIMA  BPE/4G/MePEGMA (475)/GMA/aMS/MSD ND chromene 5
20 5 25/23/10/10/6/1 1 0.03
19 TMPT TMSIMA  BPE/4G/MePEGMA (475)/GMA/aMS/MSD ND chromene 6
20 5 25/23/10/10/6/1 1 0.03
20 TMPT TMSIMA  BPE/4G/MePEGMA (475)/GMA/aMS/MSD ND chromene 7
20 5 25/23/10/10/6/1 1 0.03
Ex.: Example
The results are shown 1n Table 2.
TABLE 2
EFx. Amax fading speed durability scratch
No. (nm) color density (min) (%) adhesion resistance releasability
1 610 0.75 1.2 72 o B o
2 610 0.78 1.2 72 o B o
3 610 0.72 1.2 72 o B o
4 610 0.7 1.3 72 o B o
5 610 0.8 1.2 72 o B o
6 610 0.8 1.2 72 o B o
7 610 0.65 1.3 72 o B o
8 610 0.7 1.4 72 o B o
9 610 0.7 1.1 72 o B o
10 610 0.65 1.5 73 o B o
11 610 0.8 1 72 o B o
12 484 0.7 1.3 70 o B o
600 0.7 1.2 72
13 610 0.75 1.2 72 o B o
14 610 0.75 1.2 72 o B o
15 580 0.78 1.6 65 o B o
16 600 0.7 1.8 70 o B o
17 588 0.7 3 60 o B o
18 474 0.8 1.3 70 o B o
19 576 0.7 1.8 65 o B o
20 570 0.9 * 74 o B o
Ex.: Example

C tive E les 1 to 18
OHIpAralve LAAMPICS 110 5 the same manner as in Example 1 except that polymerizable

monomer compositions and chromene compounds shown 1n
Table 3 were used.

For comparison, photochromic cured products were
obtained and evaluated for their characteristic properties in
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Ex. (parts by (parts by component C initiator chromene compound
No. weight) weight) (parts by weight) (parts by weight) (parts by weight)
1 TMPT — BPE/4G/MePEGMA (475)/GMA/aMS/MSD ND chromene 1
20 25/28/10/10/6/1 1 0.03
2 — — BPE/4G/MePEGMA (475)/GMA/aMS/MSD ND chromene 1
45/28/10/10/6/1 1 0.03
3 TMPT TMSIMA  BPE/4G/MePEGMA (475)/GMA/aMS/MSD ND chromene 1
20 0.1 25/32.5/10/10/6/1 1 0.03
4 TMPT TMSIMA  BPE/4G/MePEGMA (475)/GMA/aMS/MSD ND chromene 1
20 40 10/3/10/10/6/1 1 0.03
5 TMPT DMSIMA  BPE/4G/MePEGMA (475)/GMA/aMS/MSD ND chromene 1
20 0.1 25/32.5/10/10/6/1 1 0.03
6 TMPT DMSIMA  BPE/4G/MePEGMA (475)/GMA/aMS/MSD ND chromene 1
20 40 10/3/10/10/6/1 1 0.03
7 TMPT — BPE/4G/MePEGMA (475)/GMA/aMS/MSD ND chromene 2
20 25/28/10/10/6/1 1 0.03
8 — — BPE/4G/MecPEGMA (475)/GMA/aMS/MSD ND chromene 2
45/28/10/10/6/1 1 0.05
9 TMPT — BPE/4G/MecPEGMA (475)/GMA/aMS/MSD ND chromene 3
20 — 25/28/10/10/6/1 1 0.03
10 — — BPE/AG/MePEGMA (475)/GMA/aMS/MSD ND chromene 3
45/28/10/10/6/1 1 0.05
11 TMPT — BPE/AG/MePEGMA (475)/GMA/aMS/MSD ND chromene 4
20 25/28/10/10/6/1 1 0.03
12 — — BPE/AG/MePEGMA (475)/GMA/aMS/MSD ND chromene 4
45/28/10/10/6/1 1 0.05
13 TMPT — BPE/AG/MePEGMA (475)/GMA/aMS/MSD ND chromene 5
20 25/28/10/10/6/1 1 0.03
14 — — BPE/4AG/MePEGMA (475)/GMA/aMS/MSD ND chromene 5
45/28/10/10/6/1 1 0.03
15 TMPT — BPE/4G/MePEGMA (475)/GMA/aMS/MSD ND chromene ©6
20 25/28/10/10/6/1 1 0.03
16 — — BPE/4G/MePEGMA (475)/GMA/aMS/MSD ND chromene ©6
45/28/10/10/6/1 1 0.03
17 TMPT — BPE/4G/MePEGMA (475)/GMA/aMS/MSD ND chromene 7
20 25/28/10/10/6/1 1 0.03
18 — — BPE/4G/MePEGMA (475)/GMA/aMS/MSD ND chromene 7
45/28/10/10/6/1 1 0.03
Ex.: Example
The results are shown 1n Table 4.
TABLE 4
C. Ex. Amax fading speed durability scratch
No. (nm) color density (min) (%) adhesion resistance releasability
1 610 0.75 1.2 72 X D O
2 610 0.3 6 72 O B O
3 610 0.75 1.2 72 X D O
4 610 0.7 1.3 71 @ B X
5 610 0.75 1.2 72 X D O
6 610 0.7 1.3 71 @ B X
7 580 0.78 1.6 65 X D O
8 584 0.3 6 68 O B O
9 600 0.7 1.8 70 X D O
10 600 0.35 6.5 70 @ B O
11 588 0.7 3 60 X D O
12 588 0.5 8 60 @ B O
13 474 0.8 1.3 70 X D O
14 474 0.7 4 70 @ B O
15 576 0.7 1.8 65 X D O
16 576 0.3 5 65 @ B O
17 570 0.9 1 74 X D O
18 570 0.4 5 70 @ B O
C. Ex.: Comparative Example
60

As having been described above, a matrix comprising
polymerizable monomers containing no polyfunctional
polymerizable monomer and no silyl monomer has a low
fading speed of photochromism and low adhesion to a hard
coat. A matrix containing a large amount of a silyl monomer 65
has low stripping work efficiency and accordingly low

productivity. Therefore, 1t can be understood that the curable

composition of t

e present mmvention w.

suitable amount

nich comprises a

of a polyfunctional

polymerizable

monomer, a suitable amount of a silyl monomer and another
radically polymerizable monomer can satisty requirements
for photochromism, adhesion to a hard coat and stripping

work efliciency.
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The photochromic cured products of the present invention
in Examples 1 to 20 are excellent in balance among photo-
chromism such as color density and fading speed, adhesion
to a hard coat and stripping work efficiency, compared with

the photochromic cured products of Comparative Examples
1 to 18.

The photochromic cured product of the present invention
which has extremely excellent photochromism such as high
color density and high fading speed, excellent adhesion to a
hard coat and excellent stripping work efficiency can be

obtained from the curable composition of the present inven-
tion.

Since the photochromic cured product of the present
invention has the above excellent features, 1t 1s extremely
useful as an optical material such as a photochromic lens
material.

What 1s claimed 1s:

1. A curable composition comprising;:

(A) a polyfunctional radically polymerizable monomer
having at least three polymerizable groups 1n the mol-
ecule wherein said polyfunctional radically polymeriz-
able monomer 1s represented by the following formula

(2) or (2":

(2)

i \
6 |
R——CHZO CH,CH— O¥—C—C=—CH,
T 7 v
e
(2)

[ i

Rﬁ——CHZO‘(CHgCH—O)-fCOCHgCHgCHgCHgCHgOmc—(‘j=CHg
| 4
\ | S

1{5

wherein R* and R° are each independently a hydrogen
atom, methyl group or ethyl group, R® is a tervalent to
hexavalent organic group, d, d' and d" are each inde-
pendently an imteger of 0 to 3, and ¢ and ¢' are each
independently an integer of 3 to 6, and optionally an
additional polyfunctional radically polymerizable
monomer having at least three polymerizable groups in
the molecule;

(B) a radically polymerizable monomer having a silanol
group or a group capable of forming a silanol group by
hydrolysis;

(C) another radically polymerizable monomer different
from the above components (A) and (B); and

(D) a photochromic compound, wherein

said components (A), (B), and (C) are contained in
amounts of 1 to 50 wt %, 0.5 to 20 wt % and 30 to 98.5
wt % based on the total of the components (A), (B), and
(C), respectively, and said component (D) is contained
in an amount of 0.0001 to 10 parts by weight based on

100 parts by weight of the total of said components (A),
(B), and (C).
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2. The curable composition of claim 1, wherein said
radically polymerizable monomer (B) is a silyl group-
containing monofunctional (meth)acrylate represented by
the following formula (1):

(1)
RO

H,C=—=C—C

O—R'97—Si(RH)u(R7).

|
O

wherein R” is a hydrogen or methyl group, R™ is an alkylene
group having 1 to 20 carbon atoms, R is an alkyl group or
alkoxy group, R> is an alkoxy group, a is 1, b is an integer
of 0 to 2, and c 1s an 1nteger of 1 to 3, with the proviso that
b+c=3.

3. The curable composition of claim 1, wherein said
polyfunctional radically polymerizable monomer (A) forms
a homopolymer that has a L-scale Rockwell hardness of 60
Or more.

4. The curable composition of claim 1, wherein said
another radically polymerizable monomer (C) is at least one
member selected from the group consisting of (1) a bifunc-
tional polymerizable monomer which homopolymer has a
[-scale Rockwell hardness of 60 or more, (i1) a polymeriz-
able monomer having at least one radically polymerizable
group and at least one epoxy group in the molecule, (ii1) a
polymerizable monomer which homopolymer has a L-scale
Rockwell hardness of 40 or less, (iv) a polymerizable
monomer which is an allyl (thio)ether represented by the
following formula (8):

(8)

H,C=—CH—CH, Z—CH CH, CH CH,— Z——R%*
I{Zﬁ I{ZT

wherein R*° and R*’ are each independently a hydrogen
atom or alkyl group, R*® is an alkyl group, acyl group,
acryloyl group, methacryloyl group, vinyl group or styryl
group, Z 1s an oxygen atom or sulfur atom, and a' and b' are
cach independently an integer of O to 20, with the proviso
that a'+b'=3 to 20, and (v) another polymerizable monomer
different from the above components (i) to (iv).

5. The curable composition of claim 4, wherein said
another radically polymerizable monomer (C) is a combi-
nation of the above components (i), (11), and (iii) or a
combination of the above components (1), (i1), (i11) and (v).

6. The curable composition of claim 4, wherein said
another radically polymerizable monomer (C) is a combi-
nation of the above components (1), (ii), and (iv) or a
combination of the above components (1), (ii), (iv) and (v).

7. A photochromic cured product which 1s a cured product
of the curable composition of any one of claims 1-6.

G ex x = e
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